Two new perovskite oxychalcogenides, Ca 2 CuFeO 3 S and Ca 2 CuFeO 3 Se, have been synthesized in evacuated quartz tubes. They crystallize in P4/nmm space group with lattice parameters a = 3.8271(1), c = 14.9485(2) Å and a = 3.8605(1), c = 15.3030(2) Å for Ca 2 CuFeO 3 S and Ca 2 CuFeO 3 Se, respectively. They appear to be the first layered chalcogenide perovskites involving calcium and are structural analogs of the corresponding Sr and Ba compounds. The new compounds exhibit semiconducting properties with energy gap decreasing from the oxysulfide to the oxyselenide. Possibility of introducing Ca 2+ into structures of known layered oxychalcogenides and oxypnictides is discussed.
Introduction
The recent discovery of high-temperature superconductivity in an oxypnictide La(O,F)FeAs with a relatively simple LaOAgS structure [1] has triggered a burst of interest in search of novel representatives of known and novel structure types bearing [Fe 2 As 2 ] and other anti-fluorite layers [2] [3] [4] . Most of this work has hitherto been done by analogy with the structures and compositions of oxychalcogenides, a family intimately related, both structurally and chemically, to the target pnictides. To the moment, the oxychalcogenides have been studied much more thoroughly as promising transparent semiconductors and ionic conductors (see the review [2] and references therein). It should be noted, however, that most structures of the oxychalcogenides and oxypnictides have been in their turn obtained by filling empty tetrahedral voids in the structures of layered oxyhalides, especially perovskite-derived, as has been pointed out earlier [2, 5, 6] . For instance, the structures of the most promising superconductors, i.e. [1] , Sr 2 VFeO 3 As [3] , and Sr 3 Sc 2 Fe 2 O 5 As 2 [4] , are, in fact, the "filled-up" versions of the LnOCl (PbFCl) [6] , Ca 2 FeO 3 Cl [7] , and Sr 3 Fe 2 O 5 Cl 2 [7, 8] (Fig. 1 
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Characterization
Powder X-ray diffraction data were collected on a STOE STADI/P diffractometer (Cu-K α1 radiation, Ge-111 monochromator, transmission geometry) between 2θ=5-110º at steps of 0.02º and counting time of 10 s. Ritveld refinements of both samples were performed with the TOPAS package [16] using pseudo-Voigt peak shape function. Magnetic measurements were performed using a Quantum Design PPMS acsusceptometer. In this standard method an alternating magnetic field is applied to the sample via copper drive coil, and a detection coil set (two counterwound copper coils connected in series)
inductively responds to the combined sample moment and excitation field. The sample was placed inside one of the detection coils. Amplitude and frequency of the applied ac-field were 1
Oe and 137 Hz, respectively. The samples were cooled down in zero dc-field.
Resistivity measurements were performed using the standard 4-probe technique with a help of Stanford Research SR830 lock-in amplifier and SR560 preamplifier. Due to high sample resistance, we applied ac-currents as small as 10 nA. For low temperature measurements, a
Dewar insert with CuFeCu thermocouple and a Lakeshore 340 temperature controller were used.
For high temperature measurements, we used a high temperature insert, an oven, and a CuConstantan-Cu thermocouple. The temperature resolution of these thermocouples was ~10μV/K and ~20 μV/K, respectively.
Results and Discussion
New compounds and their properties
The X-ray diffraction data indicated formation of two target products, Ca 2 CuFeO 3 S and [17] were found in the X-ray diffraction pattern of Ca 2 CuFeO 3 Se and this phase was also included in the refinement.
Details of the Rietveld refinements of both samples are listed in Table 1 . Refined atomic positions are given in Table 2 . The resulting bond distances are collected in Table 3 Our results confirm that the chemistry of layered perovskite oxide chalcogenides and pnictides is indeed not restricted to compounds of Sr and Ba, and calcium appears to be, at least within some structure types, just their smaller analog akin to the oxide halide family [8] .
Crystal chemistry
Considering the tendency of increasing the structures both in the oxide chalcogenide and oxide pnictide families, the possibility of formation depending on the nature of both perovskite and anti-fluorite layers. Among compounds of Sr and Ba, for instance, the "42622" structure was observed with trivalent cations of Ga (CuS), In (CuS), Sc (FeAs, CrAs), V (FeAs), Cr (CuS, FeAs), Mn (CuS), and Fe (CuS) while the 32522 structure has been found for Sc (CuS, FeP, FeAs) and Fe (CuS, CuSe, AgS, and AgSe) [3, 4, 14, 18, 20 -25] . In cases where both structures are formed, the differences in the a cell parameters are not so great as to suggest that the anti-fluorite layers should be strained too much to contribute to one structure but not to the other. Evidently, more thorough investigations of both structure types are necessary to discover the trends in relative stability of the structures in question. However, Ca 2+ (and probably Eu 2+ ) can be employed more widely to partially substitute for Sr 2+ in the structures of existing FeAs superconductors as a "chemical press", to increase the transition temperature.
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Tables No. of structural parameters 13 17 No. of overall parameters 37 46
Analyzing package Topas [13] Reliability factors: (7) b a-were fixed; b -were constrained to be equal. 
